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WHPOPMALIMOHHAA CTPYKTYPA KOHTPONA
N OBECNEYEHUNA 3KONOMMYECKOW BE3ONACHOCTH
NPU OrHEBOW YTUNU3ALIMN KPYNHOIFABAPUTHbIX
3APAOOB POTT HA OTKPbITOM CTEHAE

PaccMoTpeHbl hakTopbl, OnpeaenstoLme aKonornyeckyto 6e3o0nacHoCTb OTKPLITOro CTeHAa npu
OrHEBOIl yTUNU3auuu TBEPAOTONNMBHLIX 3apsgoB. OnpeaeneHbl NOHATUS dKonornyeckon GesonacHo-
CTU U 3KONOrMYECKOro pucka B AaHHOW npeaMeTHoN obnactu. BolgeneHbl 3agayv CBs3N B €AUHOM WH-
(hOPMaLMOHHOM NOME CUCTEMbI KOHTPONS M ObOecneyvyeHnss 3Konorm4eckon O6e3onacHoCTW: co3paHue
MHCOPMAaLMOHHO-YNPaBNAoLIE CUCTEMbI Ha OCHOBE CUCTEMHOrO aHanu3a npoueccoB, 00ycnosnu-
BaloLMX XapakTep BbIGPOCOB B aTMOCepy Mocne OpoLIEeHUs CTPyU NPOAYKTOB CropaHus BOAOW; pas-
paboTka CTPYKTYpbl U COAepyKaTeNbHOW YacTu 3TOi CUCTEMbI; 0ObeaUHEHNE anropuTMOB U Moaenen
3TUX MPOLECCOB B €AMHOM MHOPMaLUMOHHOM none. Cuctema obecneyveHnst akonornyeckoit Gesonac-
HOCTM CTPYKTYPHO pasgeneHa Ha nogcucremMbl — Perynatop v Pacnpeaenutens, Ans Kaxaoi U3 KoTo-
pbIX NOCTPOEHbI hYHKUMOHAaNbHbIE Moaenu. PaspaboTka ¢yHKUMOHANbLHLIX Mogeneit Perynatopa u
PacnpenenuTensi NpoBOAMTCS Ha OCHOBE CyLLECTBYIOLMX (PU3MKO-MATEMATUYECKUX MOAENen opo-
Laemoin cTpyu u obnaka npoaykToB CropaHusi, NOAHUMAIOLLErocst B aTMOCepe Kak BNaXKHbI 0CTaToK
CTpyu nocne opolueHusi. PaspabotaHa CTpykTypa WH(OPMaLMOHHO-YNPaBMsiowein CUCTEMbI, OTpa-
KawLen QYHKUMOHAMNbHYI0 3aBMCUMOCTL MapamMeTpOB 3KONMOrMYeckon 6e3onacHoOCTM OT pacxoaHOM
XapakTepPUCTUKM BOAHON 3KONOrMYECcKon 3alwmTel. MokasaHo, YTo gekomnosuums 6noka ynpaeneHus Ha
noacuctemMsl Perynatop u Pacnpeaenutens no3sonseT 06ecneyntb NonHylo MaeHTUGMUKaLMIO NpoLec-
COB B pamkax 3Tux noacuctem. Mpu NPoeKTUpoBaHUM UHPOPMALIMOHHO-YNPABNSAIOLWEN CUCTEMbI MO-
CTPOEHbI AMarpaMMbl NMOTOKOB AaHHLIX, KOHUENTyanbHas MOAENb CUCTEMbI, €AuHas normyeckasi Mo-
nenb 6asbl AaHHbIX, noruveckue moaenu noacucrtem Perynstopa u Pacnpepenutens, rnotanbHas
noruyeckasi u pusnyeckas mogenu cuctembl. PazpaboTaHHass METOAOMOMMS Co3aaHNsA UHGOPMALIMOH-
HO-yNpaBnsloLLeil CUCTEMbI MOJ 33a4adyyu OTHEBOW YTUNMU3AUUM TBEPAOTOMNMBHLIX 3aPSA0B PaKETHbLIX
aBuratenein Ans OTKPbITbIX CTEHAOB SIBNAETCS TUMOBOW AN CYLUECTBYIOLLEro TEXMPOLECCA U MOXKET
MCMONb30BaTLCA MPU NPOEKTUPOBAHUM U SKCMIyaTaLuyU aHaNorMyHbIX CUCTEM.

KnioueBble crnoBa: akonormyeckass 6€30nacHOCTb, 3KOJIOrMYECKUIA PUCK, CTaTUYECKOEe CXKura-
HWEe, OrHeBasi yTUNM3auusi, SHepreTuyeckas ycTaHoBka, WHGOPMAaLMOHHO-yNpasnsiowas cucrema,
CUCTEMHbIN aHanu3, TEXHUYeckas cuctema, NpoeKTUpoBaHne UHGPOPMALIMOHHBLIX CUCTEM, rnobanbHas
norn4yeckad Mmoaesnb AaHHbIX.
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INFORMATION STRUCTURE OF CONTROL AND PROVISION
OF ECOLOGICAL SAFETY IN FIRING UTILIZATION
OF LARGE-SCALE SRM CHARGES AT AN OPEN TEST BENCH

Factors defining the ecological safety of an open test bench at firing utilization of solid propellant
charges (SRM) have been discussed. Concept of ecological safety and ecological risk in this subject
field have been determined. The problems of relation in the united information field of the controlling
system to provide ecological safety have been indicated: development of information-control system
based on processes of systems analysis, specifying the character of air exhausts after water irrigation of
combustion products jet; development of the structure and the main part of this system; combination of
algorithms and models of these processes in the unique information field. The system of providing eco-
logical safety is structurally divided into subsystems, i.e. the Regulator and the Distributor, functional
models being built for each of them. The functional models of the Regulator and the Distributor have
been developed on the base of existing physico-mathematical models of the irrigated jet and a cloud of
combustion products going up to the atmosphere as humid remains of the jet after its irrigation. The
structure of information-control system indicating the functional dependence of ecological safety pa-
rameters on the flow rate characteristic of water ecological protection has been developed. It is shown
that decomposition of control unit into subsystems, the Regulator and the Distributor, allows to provide
the complete identification within the frames of these subsystems. While designing the information-
control system there have been built diagrams of data flows, conceptual model of the system, united
logical model of database, logical models of the Regulator and the Distributor subsystem and global
logical and physical models of the system. The developed methodology of this information-control sys-
tem fitted for problems of firing utilization of solid propellant charges at open test benches is typical for
the existing process and can be used when designing and operating the same systems.

Keywords: ecological safety, ecological risk, static firing, firing utilization, propulsion plant, in-
formation-control system, systems analysis, technical system instrumentation, designing of information
systems, global logical model of data.
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MNepmcknii HaUMOHaNbHbLIN UCCNeaoBaTENbCKUA NONUTEXHUYECKUIA YHUBEPCUTET

NCCNEAOBAHUE HANMPAXEHHO-AE®POPMUPOBAHHOIO
COCTOAHUA CUCTEMbI «kKOPMYC — T3 - 3APALO»

Onsa obecneveHnss pasrpy3ku 30H C BbICOKOW KOHLEHTpauuWei HanpsiKeHUi B KOHCTPYKUMU pa-
KeTHoro asurarensa Tesepgoro tonnuea (POTT) NPUMEHSAOTCS MaHXETHblE pacKpensieHus, KoTopble
No3BOMAT NepepacnpeensTb Nons HanpspkeHun u gedopmauuin B oobveme 3apsga. bonee TouHoe
onpeaeneHne HanpskeHHo-g4edopmmnpoBaHHoro coctoaHusa (HAOC) TennosawmTHOro nokpbitua (T3M1)
B 30HE 3aMKa MaHXETHOro pacKpenreHnst U B 30HE CKPEMnneHns 3apsiga C KopnycoM No3BonseT noBbl-
CUTb 3(PPEKTUBHOCTL KOPPEKLUMMU KOHCTPYKTUBHBIX NapaMeTpoB C LENbIO MOBbILUEHUS KayecTBa U Ha-
OexHoctn nsgenus. B ceasu ¢ atum nposegeH pacder HOC cuctembl «kopnyc — T3l — 3apsag» npu
[OeiCTBUN BHYTPUKAMEPHOrO AaBneHus Ans MOMEHTa BPEMEHW Bbixo4a ABUratens Ha pexuMm. 3agava
peLeHa MeToaoM KOHEYHbIX 3NEMEHTOB B OCECHMMETPUYHOW MOCTaHOBKe. B pacyer 3anoxeHbl nu-
HelHble U3nNKo-mexaHuyeckme csomncTea kopnyca POTT, nonyveHHble Mo pedynbTataM MCbITaHuii
Kopryca Ha OelCTBUE BHYTPUKAMEPHOTrO AaBMeEHUs; NIMHENHbIE PU3NKO-MEXaHMYECKNE CBOMCTBA Ten-
1103aLUMUTHOrO NOKPLITUS; HEMMHENHbIE (BA3KOYNpyras Moaenb) u3nko-MexaHM4eckue CBOWCTBA 3aps-
[a TBepaoro Tonnuea. B pe3ynbTate pacuyeTa nonyvyeHa 3akOHOMEPHOCTb pacrnpeaeneHns CABUIoBbIX
HanpsbkeHuin no gnuxHe ckpennenns « T3 — 3apsaa» u «kopnyc — T3lMy. PaccMOTpeHo BAnsiHUE pasrpy-
304HbIX knNMHbeB Ha HOC cucrtembl «kopnyc — T3l — 3apsaa». OaHHbin MeToa onpeaenenua HOC cuc-
Tembl «kopnyc — T3l — 3apag» npeanoxeHo npumeHaTb Ha npeanpusatu OAO HIMO «Uckpay.

KnioyeBble croBa: pakeTHbI ABUraTenb TBEPAOro TONNUBA, 3apsai, YACNEHHOe MoAenupoBa-
HWE, MeTod KOHEYHbIX 3NIEMEHTOB, OCECUMMETPUYHAs 3aJada, OLeHKa HanpsiKeHHo-AedopMUpoBaH-
HOT0 COCTOSIHUS, BA3KOYNPYroCTb, MPOYHOCTb, BHYTPUKAMEPHOE [aBlEeHUE.

A.A. Ershova, A.B. Oznobishin

Scientific Production Association “Iskra” JSC, Perm
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ANALYSIS OF STRESS-STRAIN STATE
OF “CASE - INSULATION - GRAIN” SYSTEM

To provide the unloading of high tension areas in solid propellant rocket motor (SPRM) it is used
the unloading cup which redistributes fields of tension and deformations in volume of grain. The more
accurate estimation of stress-strain state of insulation in the field of unloading cup and in the field of
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case-grain bonding allows to increase efficiency of correction of design factor to improve the qual-
ity and reliability of a product. In this connection the calculation of stress-strain state of case-
insulation-grain system when acting chamber pressure of ignition transient regime is carried out.
The problem was solved by finite element method in axial-symmetric statement. In solution were
used: linear physical-mechanical properties of SPRM, obtained by experimental tests of case
loaded by chamber pressure; linear physical-mechanical properties of insulation; nonlinear (vis-
coelastic model) physical-mechanical properties of solid propellant grain. It was obtained by calcu-
lation the law of distribution of shearing stress along the insulation-grain and case-grain bonding.
The influence of unloading wedge on stress-strain state of case-insulation-grain system was con-
sidered. The estimation method of stress-strain state of case-insulation-grain system was intro-
duced at Scientific Production Association “Iskra” JSC.

Keywords: solid propellant rocket motor, grain, computational modeling, finite element method,
axial-symmetric problem, evaluation of stress-strain state, viscoelasticity, durability, chamber pressure.
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METOANKA NOCTPOEHUA KOHEYHO-3NIEMEHTHOM
CETOYHOW MOLENN HA NPUMEPE KAMEPbI CTOPAHUA
FA3OTYPBUHHOIO ABUIATENA

MpeacraBneHa nocnenoBaTenbHOCTb MOATOTOBKA FEOMETPUYECKOW MOAENW B CUCTEME aBTO-
MaTU3NPOBAHHOIO NpoekTupoBaHusa (B koMmepyeckux naketax NX n ANSYS ICEM CFD) Ha npumepe
Kamepbl cropaHusi ra3oTypouHHoro asuratensi. OTMeYeHbl BaXHble MOMEHTbI peJakTUPOBaHUSA reoMeT-
pU4ECcKoii MOZENU, KOTOPbIE MO3BOMSOT MOBLICUTL KAYECTBO 3NIEMEHTOB CETOYHON MoAEeNMU U n3bexarb
owMBOK B pexxumMe aBTOMaTUYECKOTO CETKOMOCTPOEHUs B AanbHelwem. MNpeanoxeHa nocnegoBarenb-
HOCTb OEWCTBUI NO pegakTMpoBaHuio B kommepyeckoMm nakete ANSYS ICEM CFD, nogpo6HO onucbl-
BaloLas npuemsbl, NMO3BONSIOLME COKPATUTb BbIYMCMUTENbHLIE U BPEMEHHbIE PECYPCbl ANA CO3AaHus
CEeTOYHbIX Mogenen. OnucaHbl MPOLEeCcChl CO34aHUst NOBEPXHOCTHOM M OOBLEMHOW CETKM C TeTpasa-
panbHbIMM 3IEMEHTaMU Ha OCHOBe reomMeTpuyeckon mogenu. O6o3HayeHbl TpeboBaHWA K npoueccy
CEeTKONOCTPOEHUSI U ONUCaHbl 0OCOOEHHOCTU reHepaunun CETOYHOW MOAENU, KOTOPbIE OKa3bliBalOT BMNS-
HME Ha KayeCTBO 3fIEMEHTOB MOBEPXHOCTHOM M 0ObEMHOM ceTok. MoapoOHO paccMOTpeH aramn mno-
CTpoeHusa 006BEMHbIX npnu3MaTn4eCcKknx 3NiEMEHTOB Ha NOBEPXHOCTAX CETOYHOM moaenu, HGOﬁXO,qVIMbIX
NS KOPPEKTHOTO OMMUCAaHMUSA NOTPaHUYHOIO COsi C MOMOLLLIO MOAene TypOyneHTHOCTH.

CraTbsa akTyanbHa Ans cneuyuanuctoB B 06nact TPEXMEPHOrO YUCIIEHHOTO MOAENUpPOBaHUs
npoLieccoB B pa3HOOOpasHbIX TEXHUYECKUX NpunoxeHusx. CnefoBaHue pekoMeHAauusiM, NpUBeeH-
HbIM B CTaTbe, No3BonsieT usberatb Hanbonee pacnpocTpaHeHHbIX OLWMOOK NpU reHepauun CETOYHbIX
MoZenen, a Takke 3KOHOMUTb BPEMEHHbIE U BbIMUCIUTENbHbIE PECYPChI, HE0OX0AUMbIE AN CO3AaHUs
CeTOYHON MoAenu.

KnioyeBble cnoBa: kamepa CropaHusi, rasoTypOuHHbI [ABUraTenb, CeTovHas Modenb, no-
CTPOEHUE CETKU, METOJ KOHEYHbIX 0ObEMOB, MOBEPXHOCTHAs CETOYHAs MOAENb, 00beMHas CeTo4YHas
moaenb, metoa Octree, metoa Delaunay, ANSYS ICEM CFD.

A.V. Tusnin, S.A. Shalamov, V.G. Avgustinovich

Perm National Research Polytechnic University

THE PROCEDURE OF MESHING MODEL CONSTRUCTION
BY THE EXAMPLE OF THE GAS-TURBINE ENGINE
COMBUSTION CHAMBER

The sequence of preparation of a geometric model in a system of automated designing (com-
mercial software NX and ANSYS ICEM CFD) by the example of the gas-turbine engine combustion
chamber is suggested. The most important moments of editing this model which let to improve the qual-
ity of meshing model elements and avoid the further mistakes in a hands-off mode are pointed out. The
sequencing of actions of editing in commercial software ANSYS ICEM CFD is suggested and the meth-
ods that help to reduce time and computer resources needed to construct meshes based on a geomet-
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ric model are described. The processes of building surface and volume tetra-meshes are described.
The requirements to the construction are designated and several features of meshing model construc-
tion that influence on the quality of surface and volume meshes elements are described. The stage of
construction of volume prismatic elements on the meshing model surface needed to describe correctly
the surface boundary layer by using the models of turbulence is reviewed in detail.

The article is especially relevant among the specialists of 3D numerical simulation of processes
in several technical applications. Following the guidelines given in the article can help to avoid the most
common mistakes during generation of meshing models and give the opportunity to save time and
computer resources needed to construct meshes.

Keywords: combustion chamber, gas-turbine engine, meshing model, construction of meshing
model, method of finite volumes, surface meshing model, volume meshing model, Octree method,
method of Delaunay, ANSYS ICEM CFD.
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NA3EPHbIE TEXHOJNOIM'MM U NMPOLIECCHI
NPU U3rOTOBNEHUU U PEMOHTE OETANEN
FA3OTYPBUHHOIO ABUIATENA

B 3apybexxHOM 1 poCCuiiCkoM aBMaLMOHHOM NPOU3BOACTBE NasepHble MeToabl 06paboTku ma-
TepnanoB NPUMEHSIIOTCA CPaBHUTENbHO AaBHO. CrefyeT, OAHAKO, yYUTbIBaTb, YTO BHEAPEHUE HOBbIX
TEXHONOMMYECKUX NPOLIeCCOB TpebyeT OrpoOMHOro KONMMYECTBA UCMbITAHWUIA U COrMacoBaHui, B pe3yrb-
TaTte OT MOSIBMEHUS UAen A0 BHEAPEHUs TEXHOMOrMM B NPOU3BOACTBO MOXET MPONTU HE OAWH rod.
B paHHOI cTaTbe paccMOTPEHbI NPUMEPBI MPUMEHEHUS Na3epHOro packposi, 3D-na3epHoli pesku, ceap-
Ku 1 nopotukosoi Hannasku LMD (Laser Metal Deposition) npu U3rotoBneHnn pasnmnyHbIX KOMIOHEHTOB
aBMALMOHHOIO ABUraTENsA U PEMOHTE OTBETCTBEHHbIX A€Tanen 13 XaponpoyHbiX HUKENEBbIX U TUTAHO-
BbIX CMNaBOB KOMMNPECcopa BbICOKOrO AABMEHUA U KaMepbl CropaHusi, OnMcaHbl NpeuMyLIecTBa, KoTo-
pble CNOCOOCTBYIOT BHEAPEHMIO Na3epHoi 06paboTkn B NPOU3BOACTBO.

KnioyeBble cnoBa: nasepHas aganTuBHas Hannaska, PEMOHT, 6nnck, nonartka, KOMnpeccop
BbICOKOrO AaBMNEHUA, nasepHas ceapka, nepgopaumsa 0TBEPCTUSA, TEXHONOIUS.

A.S. Ermolaev, A.M. Ilvanov, S.A. Vasilenko

Aviadvigatel OJSC, Perm

LASER TECHNOLOGY AND PROCESSES
WHEN MANUFACTURING AND REPAIR OF DETAILS
OF THE GAS-TURBINE ENGINE

In foreign and Russian aviation manufacture the laser methods of material processing are ap-
plied rather for a long time. It is necessary to consider however, that introduction of new technological
processes requires huge quantity of tests and coordination, as a result from appearance of idea to in-
troduction of technology in manufacture one can pass not one year. In the article the examples of appli-
cation 3D laser cutting are considered, weldings and laser powder cladding LMD (Laser Metal Deposi-
tion) when manufacturing various components of the aviation engine and when repair of responsible
details from heat resisting nickel and titanium alloys of the high pressure compressor and the chamber
of combustion. It is described advantages which allow to achieve introduction of laser processing in
manufacture.

Keywords: laser adaptive cladding, repair, blisk, blade, high pressure compressor, laser weld-
ing, punching of an aperture, technology.
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KPUTEPUU MPOYHOCTU PABOUYNX XKUOKOCTEN

OBcyxagaeTcs TEPMUH «MPOUHOCTh JKUAKOCTU», 0COBEHHOCTH KpUTEPUEB, YMCNIEHHO Er0 Xap aKk-
TEPU3YIOLMX, U NPABOMEPHOCTL MCMONbL30BaHWA TEpMUHA «JaBneHue». PaccmoTpeH npouecc coxpa-
HEHWA W CHWXKEHWA NPOYHOCTU XMAKOCTU B COBPEMEHHOM CMNOBOM rugponpueoge. MNokasaHa npakTu-
yeckand 3HauMMocTb DOPMYNUPOBKA KPMTEPUA NPOYHOCTH XUAKOCTM ANA KOMMMEKCHOW OLEHKM COCTORA-
HWA pabouux MXMOKOCTEW KaK anbTepHaTMBbI CYLECTBYIOLMM KPUTEPUAM BbiDpakoBKM (BA3KOCTH,
KOHLEHTpaLUMM MEXaHWYecKUX NpUMecel, KUCNOTHOro uucna, BogocodepXaHusa W T.n.). MNpuBegeHsbl
npUMepbl M3HOCA 3NEMEHTOB Y3MOB W arperaToB, ANA KOTopbiX pabouyas »MAKoCTb He Bbina cMeHeHa
BBUJY COXpaHEHWs KPUTEPUEB B YCTAaHOBNEHHbIX Npegenax.

MpeacTaBneHo cpaBHEHWE UcCNeAoBaHUWIi NPOYHOCTM XU AKOCTH MO UCNONb3YEMbIM KPUTEPUAM,
cnocobam nogroToBkM oBpasua XWAKOCTM K MCCNefoBaHuio, NpefoTBpalleHHs nonagaHusa Bozayxa B
3aMKHYTbIA 06bem 1 ap. MNpuBegeHb! 3HAUEHUA NPOYHOCTH, NOMNYUYAEMBIE C NOMOLLbLIO Pas3NUUHbIX Me-
TofoB. CywecTeeHHbIW pa3bpoc 3HaueHwit npouydoc™ ot 0 go 1000 MIMa npu sHaumTensHOW oBocob-
NEHHOCTU METOAMK, MUPOBbLIE TEHAEHLUMMW MOBLILEHWA MOLHOCTEN MalunH, TpeBoBaHWIA K KAaUecTBY U
pecypcy maTepuanoB, HeoBxoAuMOCTs aHepro- M pecypcocGepexeHWA AenaloT M3yYeHUue AaHHOro
BONpOCa CNOXHLIM, MHTEP ECHBIM, aKTYanbHbIM U MMEIOLLUM NPUKNaAHOe 3HaUeHHE.

MpencTtaBneHa paspaboTaHHas UccneqoBaTENbLCKAA YCTAaHOBKa ANA CUNbOHHOrO METoAa Me-
cnefoBaHUA NPOYHOCTU ¥uaKocTU. OnKUcaHbl BbIABNEHHbIE onacHble ocobeHHoc™M MeToda, cnocobHble
NPUBECTU K CYLIECTBEHHOMY MCKaXKEHWIO pesynsTaToB. B gononHeHwe K KnaccUUYECKUM KPUTEPMAMM
NPOYHOCTU, OCHOBAHHLIM Ha OLEHKe AaBneHus (HanpsbkeHus, Ma = H/M?), npeanoxeH KkpuTepuii Ha
OCHOBE OLEHKW 3HEPrK pacTaxeHua (). OGo3HauyeHb! HaNpaBnNeHUA AanbHERWNX UccneqoBaHuid.

KnioyeBble crioBa: XWAKOCTb, KaBUTALUMA, NPOYHOCTL MAKOCTM, HECMNOLWHOCTL, AaBNEHWE,
paspbiB, OTPULIATENLHOE HaNPSXKEHUE, FAZ0COAEPXKaHUE, BO3AYX B XKUAKOCTU.

V.l. Baryshev, K.K. Laiko, P.V. Anischenko

South Ural State University (National Research University), Chelyabinsk

STRENGTH CRITERIA OF WORKING FLUIDS

«Liquid strength» term, criteria quantitatively determining liquid strength, appropriateness of
«pressure» term under conditions of interest are discussed. Liquid strength conservation and reduction
processes in modern power hydraulic drives are considered. Practical importance of formulation of wa-
ter strength criterion is stated. Such a criterion is needed in order to give comprehensive estimate of
working fluid state as an alternative to existing defects criteria (viscosity, concentration of chemical ad-
mixtures, acid number, liquid abundance etc). Examples of wear of units elements for which working
fluid isn't changed because of criteria conservation in normative limits are presented.

Comparison of experimental methods for liquid strength determination is carried out in terms of
strength criteria, methods of liquid samples preparation for measurements, methods of prevention of air inva-
sion into the bounded volume etc. Liquid strengths obtained with help of different methods are presented. The
wide range of liquid strengths obtained in conditions of considerable difference of techniques, world tendency
of increase of drives power, increase of service life and quality requirements, the need of energy-saving and
resource-saving make great relevance and practical importance of considered topic.
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KputepHH pouHocTH pabouHx KHIKO CTei

Experimental device based on bellow method of liquid strength investigation is constructed and
presented. Discovered dangerous features of the method used that are capable to strongly change
measurements results are described. Liquid strength criterion based on tension energy (J) estimate is
proposed in addition to existing canonical criteria based on pressure estimation (Pa). Prospects for
future works are stated.

Keyw ords: liquid, cavitation, strength of liquid, discontinuity, pressure, gap, negative pressure,
gas concentration, air in the liquid.
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XAPAKTEPUCTUKN YCTPOUCTBA COIMSO — 3ACIMOHKA
NP1 OBPATHOM TEYEHUU

PaccmoTpeHbl Bonpockl NPOEKTUPOBaHUA YCTPOWCTBA CONMMO — 3acNOHKa € 3afaHHbIMUK Xapak-
TEPUCTMKaMW W BO3MOXHOCTb 3aMeEHbl 3KCNEPUMEHTanbHOW AOBOAKW UMCIEHHLIM MOJAENUPOBAHUEM.
MogenupoBaHue NpoBOAMNOCH C LENBLIO ONpejeneHWsa rMapaBnuUeckux Xap aKkTepucTuK yCTpolcTBa U
CMNOBOro BO3AeWCTBMA UAKOCTU HA 3aCNOHKY ANA AanbHEWLLEro NpOeKTMPOBaHUA NPUBOAA 3aCMOHKW.
MpeacTtaBneH kpaTkuii 0630p MHXEHEPHBLIX NAKETOB YMCNEHHOrO MOAENMPOBAHUA, NPUMEHAEMbIX ANA
pelweHus 3ajad onpegeneHna napaMeTpoB TEYEHWUA XUIKOCTU B YCTPOWCTBAX C aHanorMuHoi reomeT-
pueid u ycnoBuamu paboTel. PacueTsl npoBefeHbl ANA pasnMYHbIX HANpaBMneHWi TeYeHWs NOTOKOB B
ycTpoiicTBe conno — 3acnoHka. lNpoBegeHa BepudMKaLMA pe3ynNbTATOB, NOMYYEHHBLIX MaKETOM 4MC-
NEHHOro MOAENUPOBaHWUA, NYTEM CPABHEHWA PACUETOB C SKCMEPUMEHTANbHBIMU AaHHLIMM, onyBnuko-
BaHHLIMKW B nUTepaType. [INA NpoeKTUpYEMOro YyCTp OlCTEa NONYYeHbl pacXogHo-NepenajHble Xapakre-
PUCTUKKM, PAcCUMTaHO CMNOBOE BO3AEWCTBME XUAKOCTW Ha 3acnoHKy npu paboTe ycTpoiicTBa, BbluMc-
neHo 3HauyeHue KoadiuUMEeHTa pacxoda ANA pasnUUHbIX YCNoBWA paboTbl yCTpOWMCTBA NPU 3afaHHbIX
3HAUYEHWAX HOMMWHANLHOrO pacxofa W JaBMNeHWA. 3TO NO3BONUMNO Ha HauyaNbHOM 3Tane NpPOEKTUPOBaHWA
BbIGpaTh ONTUManbLHYIO KOHCTPYKUMIO YCTPOCTBA M OTKa3aThCA OT AOPOroCTOAWMX HAaTYpPHBIX SKCNEepUMeEH-
ToB. MNpuBeNeHHas METOAMKA pacyeTa NO3BONKUT CKOPPEKTUPOBaTL MAPABNWUECKUE M CUNOBbIE XapakTeph
CTMKM YCTPOWCTBA, BHOCA M3MEHEHWA B rEOMETPUIO NPOTOYHOI YacTU Ha cTaguu paspaboTku.

KnioyeBble crioBa: YucneHHOE MOAENWMPOBaHWE, YCTPOWUCTBO CONMO — 3acfOoHKa, pacyeTHasd Mo-
Aenb, ApoccenMpYyIoLWan wens, koadhUUMEHT pacxoaa, CHNoBoe BO3AeiCTBUE, pacnpefeneHe JaBneHus
B KaHane, SolidWorks FlowSimulation, meToguka pacueTa, mapaBnuyeckue XapakTepucTUKK.

D.L. Lerner

South Ural State University (National Research University), Chelyabinsk

NOZZLE-GATE DEVICE CHARACTERISTICS
AT THE CONTRAFLOW

The questions of designing of the nozzle-flapper valve with specified characteristics and the
possibility to use numerical simulation instead of experimental tests were considered. Modeling was
conducted to determine hydraulic characteristics of valve and the flow force action to the flapper for
further designing flapper drive. A brief review of engineering computer program of numerical simulation
is introduced to solve problem of determination of flow parameters in devices with same geometry and
operating conditions. The calculations were conducted for different directions of flow in the nozzle-
flapper valve. Verification of modeling results obtained by computer program was conducted by com-
parison of computations with the test data existing in literature. For given values of flow rate and ratio of
flow pressure to pressure differential the diagrams of the device projected were got. Action force of flow
to the flapper and the flow coefficient were calculated at different operating conditions of valve. These
computations make it possible choosing of device optimum design on an initial design phase and refus-
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ing from expensive natural experiments. The mentioned design procedure lets to correct the hydraulic
and force characteristics with changes in geometry of liquid part on development stage.
Keywords: numerical modeling, device nozzle-gate, computational model, throttling slot, flow

rate factor, force action, pressure distribution in the channel, SolidWorks FlowSimulation, design proce-
dure, hydraulic characteristics.
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MNepMcKNiA HauMoHanbHbIW UccnenoBaTENLCKNIA NONUTEXHUYECKUIA YHUBEPCUTET

BblIAENIEHUE HAHOAUCTEPCHOIO OKCULA
N3 CYCMNEH3UUN NMPOAYKTOB CrOPAHUNA
METAMNMNOFA30BOW CMECHU

PaccmatpuBaetca mogens ocaXaeHWA yacTul B cnaBokoHUEHTPUP OBAHHOW CYCMEH3MW, KOTo-
paA yuuTbiBaeT BNUAHWE OpoyHOBCKOTO ABMXeHWA. OnpegenseTcA KpUTepMH HeobxogumocTu yyeTa
Bp oyHoBCKOro ABMNKEHWUA (A) NpU oca)aeHu AMCNEpPCHOro oKeuaa: ANA paBHOBECHOMO pacnpegeneHus
B cnoe cycneHsuu npu A >> 1 Becb 06beM YacTUL HAXOAMUTCA Y camMoro gHa eMkocT, npu A <1 yacTu-
Ubl pacnpefensioTcA No Beel BoicoTe cTonba »uakocTH. PaccuMThiBalOTCA NapameTpbl rpaBuTaLMoH-
HOro OcaAeHWA M pacnpefjeneHUs HaHo4YacTUL No BbLICOTE CMNOA cycneHsuu. PacueT nokasbiBaeT He-
BO3MOXHOCTb BbiENEHUA METOJOM rPaBUTALMOHHOMO OTCTOA YacTuy guameTpom meHee 50 HM. Co-
KpaTUTb BPEMA OCAKAEHUA HAHOYacTUY WM MW30aBUTbCA OT BNUAHWMA OpOYHOBCKOTO ABMMKEHUS
npeanaraeTcA ¢ NOMoLbLIo NnpuMeHeHus adicekTa anekTpodopesa. PaccuMTbiBaloTCA napameTphl oca-
WAEHUA YacTWl AUCNEPCHOro okcuaa ¢ Momollblo anekTpodopesa. CpaBHUTENBHLIA aHaNW3 NoKasbl-
BaET, UTO NPUMEHEHNE 3INEKTPUUECKOTO NOMNA NO3BONAET COKPaTUTL BpEMSA OCaXKAEHUA YacTUL pasme-
pom meHee 100 HM npu TonwuHe cnoa 5 cm npubnuantensHo B 900 pas U 3HAYUMTENBHO YMEHBLLIUTL
BNUAHWE GpOYHOBCKOro [ABWXEHWA, UTO AenaeT uenecoobpaszHbiM NMpuMeHeHWe snexTpodiopesa Ans
NPOMbILLMNEHHOTO BbIAENEHUA HaHOYacTUL.

KnioyeBbie crioBa: HaHoynbTpagWcnepcHblii okcua, cnaboKoHUeHTpUupoBaHHAA cTabunbHas
cycneH3us, OpOyHOBCKOE [BWXEHWEe, HaHOoWacTMUbl, MHTErpanbHoe pacnpegeneHue, anekTpodopes,
napametp [ebas, sneKTpOKUHETUYECKUIA NOTeHUMan.

F.N. Chernov, V.l. Malinin

Perm National Research Polytechnic University

EXTRAXTION OF THE NANODISPERSE OXIDE
FROM SUSPENSION OF COMBUSTION PRODUCTS
OF THE METALGAS MIXTURE

It is considered the model of sedimentation of particles in weak suspension which considers in-
fluence of Brownian motion. In sedimentation of disperse oxide the criterion of need of the accounting of
Brownian motion is defined: for equilibrium distribution at A >> 1 all volume of particles is in a suspen-
sion layer at the bottom of capacity; at A <1 particles are distributed on all height of liquid column. Pa-
rameters of gravitational sedimentation and distribution of nanoparticles on height of suspension layer
are calculated. Calculation shows impossibility of extraction of particles with diameter less than 50 na-
nometers by a method of gravitational sedimentation. To reduce time of nanoparticles sedimentation
and to get rid of influence of Brownian motion it is offered to apply the electrophoresis effect. Parame-
ters of nanoparticles sedimentation of disperse oxide by means of an electrophoresis are calculated.
The comparative analysis shows that application of electric field allows to reduce time of sedimentation
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of particles less than 100 nanometers in size at a thickness of layer of 5 cm approximately by 900 times
and considerably to reduce influence of Brownian motion that does expedient the application of electro-
phoresis for industrial extraction of nanoparticles.

Keywords: nanosuperdispersed oxide, weak stable suspension, Brownian motion, nanoparti-
cles, integral distribution, electrophoresis, Debye's parameter, electrokinetic potential.
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SUNbTPALNA N UCTEYEHUE NOPOLLUKOBO-TA30BOM
CMECU U3 CTPYWHON ®OPCYHKU YCTAHOBKH
CUHTE3A HAHOOKCWOA ANMIOMUHUA

OnucaHo 3KCNEPUMEHTaNbLHOE UCCneqoBaHue NpoLlecca UCTeUeHUs AByxdasHoli cpefbl U3 oT-
BEPCTUA NPU BbICOKMX KOHL|EHTpaLMAX aucnepcHoi dasbl. PaspaboraHa skcnepuMeHTanbHaA ycTaHoB-
Ka U MeToAuka uccneqoBaHuA ¢UnbTpaUMmM rasa Yepes NopoLIOK M UCTEUEHUA rasa M NopollKa U3 oT-
BepcTUA. [NpoBeaeHbl MUcCNedoBaHUMA MCTEUEHUA NOPOLIKOOBPA3HOro aniMWHWUA W rasa U3 CTpyWHOM
chopcyHkM Ha aTol ycTaHoBke. MonyueHsbl 3aBUCMMOCTH PacXoAoB MOpPOoLIKa U OTAENLHO rasa oT gas-
NEeHWA nepeq BbiNYCKHLIM OTBEPCTMEM MPU paznNUuUHbLIX AMaMeTpax oTeepcTuA. BeiBegeHbl nonyamnu-
puueckne copMmynbl ANA onpeAeneHUA pacxoga (UNbLTPYIOLErOCA YEpez MOPOLOK rasa, nepenaga
JaBneHWs, pacxofa rasa, McTekawouwero yepes copcyHky. [MokasaHo, YTo macchl rasa, 3aKkadaHHOro
B NOpoBbIii 06beM NopolluKa Npu NpeaBapuMTENLHOM rasoHackilL|eHUK, HegocTaTouHo AnA cTabunbHoro
ucTeyeHUs nopoluka. MoaTomy HeobxogMma AononHUTENLHAA Mofjauya rasa W nocneayioujas ero
UNLTPALMA K BbINYCKHOMY OTBEPCTUIO ANA NOAJEPXAaHNA AaBNEHUA B NOPOLLKE HA NOCTOAHHOM YpOB-
He U obecneyeHus NOCTOAHHOIO NpoLecca UCTEYEHUA NOPoOLUKa U raza. [pu sTom pacxof rasa oTHOCH-
TENLHO pacxofa NopollkKa UMEET NMUHEHHbIH XapakTep 3aBMCMMOCTU OT JaBNEHWA Nepeq BbiNYCKHbIM
oTBEpPCTHEM W He npeBbiwaeT 1,5 %.

KnioyeBbie cnoBa: NopoLLoK, NOpoBbii 06beM, hunbTpaLuA rasa, rasoHachileHne, cTpyiHas
cdopcyHka, ucteueHue aByxdasHoil cpebl, BbINYCKHOE OTBEPCTUE, HAHOOKCU anOMUHUA.

A.A. Obrosov, E.S. Zemereyv, V.l. Malinin

Perm National Research Polytechnic University

FILTRATION AND OUTFLOW OF GASPOWDER MIXTURE
FROM SPRAY INJECTOR OF A PLANT FOR ALUMINIUM
NANOOXIDE SYNTHESIS

In this work it is considered the experimental investigation of two-phase medium outflow from
orifice when high density of dispersed phase. Experimental unit, the technique of study of gas filtration
through powder and the outflow of gas from orifice have been developed. The investigations of
powdery aluminium outflow and gas from spray injector have been made with experimental unit. De-
pendences of powder consumption and gas on pressure in front of orifice for various orifice diameters
have been obtained. Semi-empirical relations for the consumption being filtered through powder of gas,
pressure gradient, gas consumption through spray injector have been derived. It has been showed that
mass of gas, having been pumped into void volume of powder when preliminary gasing, is not enough
for stable outflow of powder. Thus additional feeding of gas and further filtration of gas to orifice are
needed to maintain the pressure in powder at fixed level and to ensure the on-going process of outflow
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of powder and gas. Under such conditions the gas consumption relatively powder consumption in front
of orifice has linear relation on pressure and does not exceed 1,5 %.

Keyw ords: powder, void volume, gas filtration, gasing, spray injector, outflow of two-phase me-
dium, orifice, aluminium nanooxide.
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MNepMcKNiA HauMoHanbHbIW UccnenoBaTENLCKNIA NONUTEXHUYECKUIA YHUBEPCUTET

PA3PABOTKA YCTPOUCTBA OTEOPA AIUCIEPCHbIX
NPOAYKTOB CTOPAHUNA YCTAHOBKUN CUHTES3A
HAHOOKCUIAA AINMFOMUHUA

OnucaHbl KOHCTPYKTUBHbIE pelleHUA, NpUHATBIE ANA YCTpaHeHWs OCHOBHbIX HEJOCTaTKOB CY-
LecTBYIOLLEro YCTpoiAcTBa oTGopa KOHAEHCHpPOBaHHLIX NPOAYKTOB CTOpaHWA YCTAaHOBKM CMHTE3a AWC-
NepcHbIX OKCHMAOB MeTannos. OCHOBHLIMU M3MEHEHWAMU ABNAIOTCA BEEAEHUE B KOHCTPYKLMIO YCTPOii-
CTBa yNaBNMBaHWA BUHTOBOrO LUHEKAa, 3aMKHYTOrO KOHTYpa UMPKYNALWK oxnaaalolleid Boabl, Tenno-
oBMeHHMKa W YCTPOACTE MOANUTKM M CNMMBA CYCNeH3MM. MaMeHeHMA KOHCTPYKUWM CBA3aHbl C
yBenuueHMemM NPoAoMKUTENLHOCTU BPEMEHW HenpepbIBHON paboTbl YCTPOACTBA W MOBLILEHWEM €ro
achhekTMBHOCT™M. PaspaboTaHa TexHonorMueckaa cxema npouecca ynasnueaH1a Aucnep cHbIX Npoayk-
TOB cropaHuA ycTaHOBKM cMHTesa. OnucaH TexHonorMyeckuii npolecc otGopa. MNposefeH TennoBoii 1
razogMHaMMUYeckuiA pacuyeT yCTpoWcTBa ynaenueaHuA. OnpedeneHsl 0CHOBHbIE NapaMeTpbl yana Auc-
nepripoBaH1A BoAbl. YCTaHOBNEHbI TENNOBLIE W rasogUHaMUYeckue napameTpbl AByxdasHoro noToka
B ycTpoiicTBe oTGopa. AHaNMTUYECKM onpedeneHbl pacxXod BOAAHOro Napa M CKop oCTh ABMKEHUA raso-
BOro NoToka. Ha ocHOBaHWM OL|eHOYHLIX pacyeToB cAenaH BbiBoj O LenecooBpasHOCTH BKMIOUEHUA B
KOHCTP YKUMIO YCTpoiicTBa oTGopa KOHAEHCMPOBaHHbIX NPOAYKTOB CrOpaHMsA BUHTOBOTO LUHEKa.

KnioueBble crioBa: HaHOOKCWA, oxnaxaeHue, chopcyHKa, PeLUPKYNALMA, BUHTOBOA LUIHEK,
GapGoTUpoBaHue, oT6op, NPOAYKTbI CTOpaHWA, TeNnnooGMeHHUK, pacyeT TENnoBbIX U rasoguHaMuye-
CKWX NapameTpoB.

P.l. Fedorovtsev, E.S. Zemerev,
V.I. Malinin, A.V. Shatrov

Perm National Research Polytechnic University

DEVELOPMENT OF THE DEVICE FOR SELECTION
OF DISPERSE COMBUSTION PRODUCTS OF A PLANT
FOR ALUMINIUM NANOOXIDE SYNTHESIS

In this work it is considered the description of the constructive decisions made for elimination of
the main shortcomings of the existing device for selection of condensed combustion products of plant
for synthesis of disperse oxides of metals. The main changes are the insertion in design of the catching
device the screw auger, the closed contour for circulation of cooling water, the heat exchanger and
devices of feed and draining of suspension. Changes in construction are caused by increasing the dura-
tion of device continuous operation time and device efficiency. Technological process to select the dis-
perse products has been described. The thermal and gasdynamic calculation of the device for selection
has been performed. Thermal and gasdynamic parameters of two-phase flow in the device for selection
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has been defined. Mass rate and velocity of gas flow has been defined analytically. On the basis of
calculations the conclusion about reasonability of inclusion the screw auger in construction of device for
selection of condensed combustion products has been made.

Keyw ords: nanooxide, cooling, jet, recirculation, screw auger, barbotage, selection, combustion
products, heat exchanger, calculation of thermal and gasdynamic parameters.

126



BectHuk ITHHITY. AspokocMHueckan TexHHKa. 2013. Ne 35

YK 678.4

E.1O. Ucpadpunoea

MNepMcKNiA HauMoHanbHbIW UccnenoBaTENLCKNIA NONUTEXHUYECKUIA YHUBEPCUTET

B.M. 3uHoBbeB, P.C. KpacunbHUKOB

OAO «HayuHo-nccnegoBaTenbCKUA MHCTUTYT NONMMEpPHLIX MaTepuanosy, r. [NepMb

NMPUBOPHAA OLIEHKA KAYHECTBA NOBEPXHOCTW
PE3WH MNOCIE BO3AENCTBUA YNIbTPADUONIETOBOIO
OBJTYYEHUA

MpeanoxeHo YCTpOWCTBO, NO3BONSAIOWES OLUEHWTL KadecTeo ynbTpaduoneTtooro (YP) obny-
UYEHWA 33 CYET U3MEpPEHUA pasHULbI MOKa3aHWI Beca MAKOCTM 40 NorpyxeHua obpasua B Hee U Beca
agcopBupoBaHHOW XMAKOCTM Ha obnyyeHHoOW noBepxHocTM obpasya B MOMEHT WM3BNEYEHWA €ro M3
WUAKocTM ¢ hMKcaumed NonyJyeHHbIX AaHHbIX Ha KOMNLIOTEP. Y CTPOWCTBO BKNIOYAET vally ¢ agcopbu-
PYIOLLENA XUAKOCTLIO W y3en NorpyXeHWs-u3BneueHus obpasua pesuHbl 2alMTHO-KPENALWEro crnoA B
yawy. YkasaHHbI y3en BbiNOMNHEH B BUJE NPYKUHHOTO MEXaHW3Ma M JONONMHUTENbLHO OCHALLeH AeMmn-
cdhepom-ycnokouTenem, yHKUMOHUP YIOWMM B npoTuBodase ¢ y3NoMm Norp y»KeHWA-M3BneyeHns obpas-
Ua pesuH. [lemncep-ycnokouTens BoINOMHEH B BUAE rMAPaBNMYeckoro UMNMHApPOnopLUHEBOro YCTPOW-
CTBa, KMHEMATUUYECKU CBAZAHHOMO C Y3NOM MOrpYXXEeHUA-M3BnedYeHna obpasla peauH B yawy ¢ agcop-
Bupylowei xuakocTslo. SdideKTUBHOCTE YCTPOWCTBA noATBEPXAAETCA MCnbITaHMAMKM obpasyos-
cBMAETENEl, NOBEPXHOCTL KOTOpbIX 06nyuyeHa Y d-cBeTOM ¢ pasniuyHbIM BpemeHem obpaboTku.

MpeactaBneHbl 3aBMCMMOCTM KonuuecTBa agcopOupoBaHHOW MXMAKOCTM Ha obnyueHHoOW no-
BepxHocTH oOpasuoB-cBMAETENEd W3 OUBWMHWUIU3ONPEHOBOW W STUNEHNPONUNEHAMEHOBOW pe3uH
(51-1667 1 51-2185) ¥ NpOYHOCTH afresMn STMX PE3MH K cTanu oT npogomxuTensHocT obpaboTku
pesuH Y®-ceeTom. MonydyeHHble AaHHbIE OTCNEXWUBAIOT M3MEHEHWA 3aBWMCUMOCTH OT NPOAOMKUTENBHO-
cTM YOO, 4yTo NO3BONAET WMCNONL30OBATL AaHHOE YCTPOWCTBO ANA OUSHKW KauecTsBa obnyuyeHus Yd-
CBETOM NOBEPXHOCTU BYNKaHW3OBaHHbIX PE3UH NPW NOATOTOBKE UX K CKNEWBAHMWIO C METaNMnamm.

KnioueBble cnosa: ynsTpaduonetosoe obnydyeHue, NOBEPXHOCTL, YCTpolicTBo, addexTus-
HoCTb 06nyuYeHus, agcopbupoBaHHana ¥UAKocTb, obpasybi-CBUAETENN.
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V.M. Zinovey, F.S. Krasilnikov

Scientific Research Institute of Polymer Materials OJSC, Perm

INSTRUMENTATION OF RUBBER SURFACE QUALITY
ESTIMATION AFTER ULTRAVIOLET EXPOSURE

It is suggested device allowing to estimate the quality of rubber ultraviolet irradiations by meas-
urement the difference in mass of liquid defined before submersion of a sample in to it and mass of the
adsorbing liquid on the sample irradiated surface at the moment of its extraction from the liquid with
fixing the data received on computer. The liquid chosen to determine the vulcanized rubber irradiation
quality represents 15...20 % ethyl alcohole solution in distilled water. The device includes a cup with the
adsorbing liquid and an assembly for submersion-extraction the protective-bonding layer rubber sample
in to this cup. Above mentioned assembly was produced as a spring mechanism and additionally was
equipped with damper-stabilizer, operating in antiphase with rubber sample submersion-extraction as-
sembly. This damper-stabilizer was produced as hydraulic cylinder-piston mechanism kinematically
connected with the rubber sample submersion-extraction assembly. The device efficiency is confirmed
with the tests of a rubber specimen, the surface of which was irradiated by ultraviolet light during the
different treatment time.

It is presented the relationship of the adsorbing liquid quantity on the irradiated surface of the
rubber specimen made from divynilisoprene and ethylenepropylenediene rubber (51-1667 and 51-2185)
and the relationship of the adhesion strength of these rubbers on duration of their (rubbers) treatment
with ultraviolet light. The obtained results demonstrate the changes of this relationship on ultraviolet
irradiations time that allows to use this device for estimating the quality of ultraviolet irradiated surface of
vulcanized rubbers while preparing them for adhesion to metals.

Keyw ords: ultraviolet irradiation, surface, device, irradiation efficiency, adsorbing liquid, speci-
men of rubber.
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A.B. Nocnenos

MepmCKkuin HaLMOHarnbHbIN MMCCNEOBATENbCKUI NONMUTEXHUYECKUA YHUBEPCUTET

B.M. 3uHoBbeB, ®.C. KpacunbHukoB

OAO «Hay4Ho-nccneaoBaTenbCKUii MUHCTUTYT NONIMMEPHBLIX MaTeEPUanoBy, r. lNepmb

NCCNEAOOBAHUE PEOKUHETUYECKUX
3AKOHOMEPHOCTEW OTBEPXXOEHWA KPEMALLEIO
NONMNYPETAHOBOIO COCTABA

MccnenoBaHue peokMHETUYECKUX 3aKOHOMEPHOCTEN SIBMIIETCA HEOTbEMIEMbIM 3TarnoM B pas-
paboTke ntoboii NoNMMepn3aLMOHHOCNIOCOGHON KOMMO3ULIMK, NOCKONIbKY €€ BS3KOCTb U XKM3HEeCnocob-
HOCTb OMpeaensoT KayecTBO KOHEYHOro nonuMepa W TPYAOEMKOCTb TEXHONOrMYeckoro npoLecca.
B naHHOi paboTe npeacraBrieHbl pe3ynbTaTbl PEOKMHETUHECKUX UCCNEAOBaHUI KPensLero nonuype-
TaHOBOrO COCTaBa, aHanu3 Mosy4eHHbIX 3aBUCMMOCTEl, pacCcuuTaHbl KOHCTaHTbI NPOLIECCOB BS3KOrO Teye-
HUS1 1 OTBEPXKAEHMSI, MOCTPOEHa MaTeMaTuyeckasi Mogesb NpoLecca OTBEPXKAEHUST NONMMEPU3aLMOHHOCHO-
COOHON KOMMO3MLMK, MO3BOSSAOLLEN ONPEAENMTb BPEMS XKM3HECTOCOOHOCTU U TEOPETUYECKOe 3HadeHue
BSI3KOCTM B OMpeaersieHHble MOMEHTbI BPEMEHU NPU PasfMyHbIX TeMnepaTypax, Yto Heobxoaumo Ans BbIGo-
pa onTuManbHbIX TEXHONOTMYECKUX MapaMeTPOB ee nepepaboTku 1 Nonumepusaumu.

KnioueBble crioBa: Kpenswmii NONMypeTaHoBbIi COCTaB, PEONOrus, BA3KOCTb, KOHCTaHTbl NPo-
LIeCCOB BA3KOro T€4EHNA N OTBEPXKAEHUA, MaTeMaTuydeckaa Mmoaenb.

A.V. Pospelov

Perm Perm National Research Polytechnic University

V.M. Zinovjev, F.S. Krasilnikov

Scientific Research Institute of Polymer Materials OJSC

THE STUDY OF REOKINETICS RELATIONSHIPS
OF THE BONDING POLYURETHANE COMPOUND

The study of reokinetics relationship is the inherent step in the development of any polymeriz-
able composition because its viscosity and viability determine the finished polymer quality and labori-
ousness of technological process. The results of reokinetic studies of the bonding polyurethane com-
pound and analysis of obtained relationships are presented. The constants of the viscous flow proc-
esses and solidification are calculated. The mathematical model of solidification process of the
polymerizable compound allowing to determine the viability time and the theoretical value of viscosity in
definite moment of time at different temperatures are built. This makes it possible to choose the optimal
technological parameters of polymerizable compound processing and polymerization.

Keywords: bonding polyurethane compound, rheology, viscosity, viscous flow process and so-
lidification constants, mathematical model.
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NCMNOJNIb3OBAHUE ANMPOTOHHOIO KATAJTU3ATOPA
NPU NOJTYHEHUU y-NOJIMOKCUMETUIEHA
B CPEJE TOJTYOIA

PaspaboTaHa HOBaA TEXHOMNOMMA NOMNYy4YeHUA y-nonuokcumetineHa (y-NMOM) nonumepuzaumnein
1,3,5-TpMoKcaHa B NpUCYTCTBMKW anpoTOHHOrO KaTtanusaTtopa — acupara Tpexcropucrtoro Gopa B cpene
030HOHEpPA3PYLLAIOLLErO PacTBOPUTENA — ToMyona ¢ BbIXOLOM NPOAYKTa, MpeBbiUaloWmUM Bbixog y-TOM,
NONY4EHHOro No NPOMbILLNEHHOI TeXHoNorMK, Ha 15-20 %. AHanussl obpazuyoe y-NOM, U3roTOBNEHHLIX NO
HOBOW TEXHOMOTMW, HA COOTBETCTBME NOKA3aTENAM TEXHWUYECKUX ycnoBuid, uaydedue WK-cnektpos, npose-
aeHne audrdepeHunansHo-Tepmudeckoro (OTA) u auddepeHumansHo-TepmorpasumeTpudeckoro (OTI)
aHanW3oB, onpefeneHUe CTENEeHW KPUCTANNUUHOCTW MOKasanW, UTo MOMYYEHHbIA MO HOBOW TEXHOMOrMM
y-INMOM MaeHTMYEH NPOAYKTY, W3rOTOBNEHHOMY MO NPOMBILUNEHHOW TexHonorun. MNpu nonumepusaumn
y-INOM B cpege Tonyona nonyyaetca y-NOM co CMPY meHee 15 mrm.

MpoBeneH nonHblid TpexdakTOPHLIH SKCNEPUMEHT TEMMNEPATYPHO-BPEMEHHLIX YCMOBUIA CUHTE-
3a, KOTOpbIA MO3BONMWUN ONpPEeAenuTb ONTUManbHbIE TEXHOMOTMUECKME PEXUMbI nonydeHus y-NMOM
B cpege Tonyona.

Knio4yeBble cnoea: y-nonvokcumeTuneH, acupar TpexcTopucToro Gopa, anpOTOHHbIA KaTanu-
3aTop, pacTBOPUTENL, TONYOMN, TETPAXNOPMETaH, CpeAHEMACCOBLIA pasMep YyacTul, NONHbIA Tpexdak-
TOPHBIA 3KCNEPUMEHT, YypaBHEHUA p ErPECCHM.
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APPLICATION OF THE APROTONIC CATALYST
WHILE FABRICATING y-POLYOXYMETHYLENE
IN TOLUENE MEDIUM

The new technology of y-polyoxymethylene (y-POM) fabrication by polymerization of 1,3,5-
trioxane in the presence of the aprotonic catalyst, such as, boron triflucride etherate in ozone nonde-
structive solvent medium like toluene with ultimate yield 15-20 % exceeding yield of y-POM, produced
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Hcrionp3oBaHie arpoTOHHOI'D KaTa/IH3aTopa INpH Moy YE€HHH 7 -TTOJTHOKCHMETHIIEHA

according to an industrial technology, has been developed. Analysis of y-POM samples, fabricated by
the new technology, on compliance with specifications, investigation of IR-spectral characteristics, car-
rying out of differential thermic analysis and differential thermogravimetric analysis, identification of the
crystallinity degree showed that y-POM, fabricated by the new technology was similar to the product,
produced by an industrial technology. y-POM polymerization with average mass particle size less than
15 pm is fabricated by y-POM polymerization in toluene medium.

Full-scale three factor experiment of the synthesis temperature-time conditions has been performed,
that allowed to determine optimal technological regimes of y-POM fabrication in toluene medium.

Keywords: y-polyoxymethylene, boron trifluoride etherate, aprotonic catalyst, solvent, toluene, tetra-
chlormethane, average mass partical size, full-scale three factor experiment, equations of regression.
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